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I INTRODUCTION 

The S t a n f o r d  R e s e a r c h  I n s t i t u t e  G r i d  Mixer  a c c e p t s  a v i d e o  s i g n a l  

r e p r e s e n t i n g  a c l o u d  p i c t u r e ,  and upon command i n s e r t s  g r i d  p o i n t s ,  and 

t h e n  d e l i v e r s  t h e  s i g n a l  o t h e r w i s e  unchanged.  T h i s  f u n c t i o n  i s  pe r fo rmed  

f o r  t h r e e  c h a n n e l s  o f  Nimbus AVCS i n f o r m a t i o n  and one  c h a n n e l  of HRIR 
i n f o r m a t i o n .  The equipment  i s  c o n t a i n e d  i n  one  s t a n d a r d  r a c k  a l o n g  w i t h  
s u f f i c i e n t  t e s t  equipment  t o  per form m a i n t e n a n c e  and  a l i g n m e n t  ( s e e  

F i g .  1) .  S p e c i f i c a l l y ,  t h e  r a c k  c o n t a i n s  t h e  f o l l o w i n g :  

4 AVCS g r i d d i n g  u n i t s  

2 HRIR g r i d d i n g  u n i t s  

1 T e k t r o n i x  5 3 5  s c o p e  

1 H e w l e t t - P a c k a r d  200 CDR o s c i l l a t o r  

1 H e w l e t t - P a c k a r d  c o u n t e r  

1 Demodula tor  and p a t c h  p a n e l .  

The s p a r e  AVCS and HRIR g r i d d i n g  u n i t  c a n  b e  s w i t c h e d  t o  an  o p e r a t i n g  
c h a n n e l  by c h a n g i n g  t h e  p o s i t i o n  o f  a p l u g  on t h e  f r o n t  o f  t h e  demodu la to r  

and p a t c h  p a n e l .  I f  a g r i d d i n g  u n i t  f a i l s ,  t h e  s p a r e  u n i t  c a n  be immedi- 

a t e l y  s w i t c h e d  t o  t h a t  o p e r a t i n g  c h a n n e l  and m a i n t e n a n c e  c a n  b e  pe r fo rmed  
on t h e  f a i l e d  u n i t  w i t h o u t  sys t em down-time. The u n i t s  a r e  s e l f  c o n t a i n e d ;  

t h e y  have  s e p a r a t e  power s u p p l i e s  and p r o v i s i o n s  f o r  v i d e o  and g r i d  i n p u t s  

and o u t p u t s  s o  t h a t  bench  ma in tenance  c a n  be  pe r fo rmed .  

1 
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I1 GENERAL DESCRIPTION 

Both  t h e  AVCS and HRIR g r i d d e r s  a c c e p t  an FM v i d e o  s i g n a l ,  h e t e r o d y n e  

t h i s  s i g n a l  t o  a h i g h e r  f r e q u e n c y  wi th  an o s c i l l a t o r  whose f r e q u e n c y  c a n  

b e  c o n t r o l l e d ,  t h e n  h e t e r o d y n e  t h e  s i g n a l  down i n  f r e q u e n c y  w i t h  a c r y s t a l -  

c o n t r o l l e d  o s c i l l a t o r  and d e l i v e r  t h e  s i g n a l  t o  t h e  o u t p u t .  I n  a r e a s  o f  

t h e  c l o u d  p i c t u r e  where  no g r i d  p o i n t s  a r e  p r e s e n t ,  t h e  f i r s t  ( c o n t r o l l e d )  
o s c i l l a t o r  f r e q u e n c y  is  made t o  be e q u a l  t o  t h e  c r y s t a l  o s c i l l a t o r  

f r e q u e n c y .  Under t h e s e  c o n d i t i o n s  t h e  o u t p u t  o f  t h e  g r i d d e r  r e s e m b l e s t h e  

i n p u t  i n  a l l  r e s p e c t s ,  i n c l u d i n g  whatever  a m p l i t u d e  m o d u l a t i o n  t h e  Fhi s i g n a l  

may have .  When a g r i d  p u l s e  i n p u t  is r e c e i v e d ,  t h e  f i r s t  o s c i l l a t o r  f r e -  
quency  is  v a r i e d  i n  such  a f a s h i o n  as t o  c a u s e  t h e  o u t p u t  f r e q u e n c y  t o  

s h i f t  f i r s t  t o  t h e  f r e q u e n c y  c o r r e s p o n d i n g  t o  w h i t e ,  t h e n  t o  t h e  f r e q u e n c y  

c o r r e s p o n d i n g  t o  b l a c k .  F o l l o w i n g  t h i s ,  t h e  f r e q u e n c y  o f  t h e  f i r s t  o s c i l -  

l a t o r  i s  r e t u r n e d  t o  t h e  c r y s t a l  o s c i l l a t o r  f r e q u e n c y .  The  amount o f  t i m e  

t h e  c o n t r o l l e d  o s c i l l a t o r  s p e n d s  a t  t h e  b l a c k  and w h i t e  f r e q u e n c i e s  i s  ad-  

j u s t a b l e .  T h i s  means t h a t  t h e  p h y s i c a l  s i z e  o f  t h e  g r i d  p o i n t s  on a 

p i c t u r e  a r e  a d j u s t a b l e .  Both t h e  b l a c k  and  w h i t e  p o r t i o n s  o f  a g r i d  p o i n t  

may b e  v a r i e d  from a b o u t  two t o  f i v e  p i c t u r e  e l e m e n t s .  

F i g u r e s  2 and 3 show b l o c k  d i ag rams  f o r  t h e  AVCS and  HRIR g r i d d i n g  

u n i t s .  I n  t h e  AVCS FM v i d e o  s i g n a l  t h e  f r e q u e n c y  c o r r e s p o n d i n g  t o  w h i t e  

i s  2 9 . 4  k c ;  t h e  b l a c k  f r e q u e n c y  i s  21.0 kc .  The  i n p u t  s i g n a l  i s  f i r s t  

p h a s e  s p l i t  and d e l i v e r e d  t o  a b a l a n c e d  mixe r .  Under q u i e s c e n t  c o n d i t i o n s  

t h e  c o n t r o l l e d  o s c i l l a t o r  f r e q u e n c y  i s  t h e  same a s  t h e  c r y s t a l  o s c i l l a t o r  

f r equency-190 .0  k c .  The m i x e r  o u t p u t  has  w h i t e  a t  2 1 9 . 4  kc  and b l a c k  

a t  211  k c .  The c o n t r o l l e d  o s c i l l a t o r  f r e q u e n c y  i s  h e l d  a t  1 9 0  k c  by a 
s e r v o  l o o p  c o m p r i s i n g  D i s c r i m i n a t o r  I and a low-pass  RC f i l t e r .  

The  o u t p u t  o f  t h e  b a l a n c e d  mixer  i s  f i l t e r e d  by a s t a g g e r - t u n e d  t r i p l e  

f o l l o w e d  by a h i g h - p a s s  LC f i l t e r .  

mixe r  where  i t  i s  h e t e r o d y n e d  down i n  f r e q u e n c y  by t h e  c r y s t a l  o s c i l l a t o r .  
The s i g n a l  i s  now b a n d - p a s s  f i l t e r e d  and a m p l i f i e d .  

T h i s  s i g n a l  i s  f e d  t o  a s i n g l e - e n d e d  

The  p r e s e n c e  o f  a g r i d  p o i n t  command i n i t i a t e s  a r o u t i n e  whereby t h e  
c o n t r o l  o f  t h e  f i r s t  o s c i l l a t o r  i s  s h i f t e d  t o  a s e c o n d  d i s c r i m i n a t o r  f o r  

a f i x e d  p e r i o d  o f  time ( 2  t o  5 p i c t u r e  e l e m e n t s ) .  T h i s  d i s c r i m i n a t o r  

3 
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f o r c e s  t h e  o u t p u t  f r e q u e n c y  t o  b e  a t  29 .4  kc ( t h e  w h i t e  f r e q u e n c y ) .  

Then t h e  c o n t r o l  i s  t r a n s f e r r e d  t o  a t h i r d  d i s c r i m i n a t o r  where t h e  o u t p u t  
i s  f o r c e d  t o  b e  a t  21.0 k c  ( t h e  b l a c k  f r e q u e n c y )  f o r  a p e r i o d  o f  t i m e  

f rom 2 t o  5 p i c t u r e  e l e m e n t s .  Then t h e  c o n t r o l  i s  r e t u r n e d  t o  t h e  f i r s t  

d i s c r i m i n a t o r ,  t h e  f i r s t  o s c i l l a t o r  f r e q u e n c y  e q u a l s  t h e  c r y s t a l  o s c i l -  

l a t o r  f r e q u e n c y ,  and  t h e  q u i e s c e n t  mode o f  o p e r a t i o n  i s  r e s t o r e d .  

The  o p e r a t i o n  of  t h e  HRIR g r i d d e r  i s  s i m i l a r  t o  AVCS e x c e p t  f o r  some 

s m a l l  d i f f e r e n c e s  i n  f i l t e r i n g .  The HRIR s i g n a l  d e v i a t i o n  i s  from 66.0 
t o  80.0 kc .  w i t h  w h i t e  ( r e p r e s e n t i n g  h i g h  t e m p e r a t u r e )  a t  80.0 kc and 

b l a c k  ( r e p r e s e n t i n g  low t e m p e r a t u r e )  a t  66.0 kc.  The c r y s t a l  f r e q u e n c y  

i s  200.0 kc .  

6 



111 DETAILED TECHNICAL DESCRIPTION 

A .  “HETERODYNING-UP” OPERATION ( C a r d  5 ) 

I n  b o t h  t h e  AVCS and HRIR u n i t  t h e  i n p u t  s i g n a l  g o e s  t o  Card  5 where 

it i s  h e t e r o d y n e d  up  i n  f r e q u e n c y .  ( S c h e m a t i c  d i a g r a m s  of a l l  c a r d s  a r e  
g i v e n  i n  Appendices  C and D . )  The  s i g n a l  f i r s t  g o e s  t o  a p h a s e  s p l i t t e r .  

The  b a l a n c e d  s i g n a l s  d r i v e  t h e  bases  o f  t h e  b a l a n c e d  m i x e r ,  w i t h  t h e  

squa re -wave  s i g n a l  f rom t h e  c o n t r o l l e d  o s c i l l a t o r  ( a s t a b l e  m u l t i v i b r a t o r )  

d r i v i n g  t h e  emi t te rs .  The  mixer o u t p u t  s i g n a l  is  d e v e l o p e d  a c r o s s  t h e  

c o l l e c t o r s  of  t h e  b a l a n c e d  mixer. From t h e  m i x e r  o u t p u t ,  t h e  s i g n a l  i s  

t r a n s f o r m e r - c o u p l e d  t o  a t h r e e - s t a g e  a m p l i f i e r  u s i n g  t h r e e  t u n e d  c i r c u i t s  

which form a s t a g g e r e d  t r i p l e .  The  t r i p l e  i s  t u n e d  t o  p a s s  t h e  u p p e r  

s i d e b a n d  o f  t h e  mixe r  o u t p u t  and t o  a t t e n u a t e  t h e  lower  s i d e b a n d .  

B. “HETERODYNING-DOWN” OPERATION (AVCS C a r d s  6 ,  7 ,  a n d  8 )  

The o u t p u t  of t h e  t r i p l e  goes  t o  a h i g h - p a s s  f i l t e r  on Card  8 where 

t h e  lower  s i d e b a n d  i s  f u r t h e r  a t t e n u a t e d .  The s i g n a l  t h e n  g o e s  t o  

Card  6 ,  where i t  d r i v e s  t h e  b a s e  of t h e  u n b a l a n c e d  s e c o n d  mixer. The 

s i g n a l  f o r  t h e  e m i t t e r  o f  t h i s  mixer  i s  p r o v i d e d  by a c r y s t a l  o s c i l l a t o r  

i s o l a t e d  by an e m i t t e r - f o l l o w e r  b u f f e r .  The l o w - f r e q u e n c y  o u t p u t  is  
d e v e l o p e d  a t  t h e  c o l l e c t o r  of  t h e  second m i x e r  and  d r i v e s  t h e  b a n d - p a s s  

f i l t e r ,  which p a s s e s  13 .75  kc t o  35.0 kc .  T h i s  f i l t e r  p a s s e s  t h e  d e s i r e d  

s i g n a l  w h i l e  a t t e n u a t i n g  t h e  low- f requency  o u t p u t  due  t o  o s c i l l a t o r  un- 

b a l a n c e  a n d t h e  o u t p u t  due t o  t h e  high f r e q u e n c y  s i g n a l s  c o u p l e d  i n t o  t h e  

s e c o n d  mixe r .  The o u t p u t  of t h e  band-pass  f i l t e r  i s  c o u p l e d  t o  a t h r e e -  

s t a g e  a m p l i f i e r . i n  C a r d  8 where t h e  s i g n a l  is  b r o u g h t  u p  t o  t h e  d e s i r e d  

o n e - v o l t  l e v e l  a c r o s s  75 ohms. 

o u t p u t  o f  t h e  s e c o n d  m i x e r  a r e  f u r t h e r  a t t e n u a t e d  by t h e  low-pass  

c o n s t a n t - k  f i l t e r  i n  t h e  c o l l e c t o r  of t h e  f i r s t  s t a g e ,  and  by t h e  

0 .033-pf  c a p a c i t o r  a c r o s s  t h e  75-ohm o u t p u t .  A s w i t c h  i s  p r o v i d e d  t o  

t e r m i n a t e  t h e  o u t p u t  f o r  t e s t  pu rposes  when i t  i s  n o t  c o n n e c t e d  t o  t h e  

s u c c e e d i n g  l i n e  a m p l i f i e r s  where  i t  i s  n o r m a l l y  t e r m i n a t e d .  

The h i g h - f r e q u e n c y  components  f rom t h e  

7 



C .  CONTROLLED OSCILLATOR ( C a r d  4 )  

The c o n t r o l l e d  o s c i l l a t o r  i s  an RC a s t a b l e  m u l t i v i b r a t o r  whose s q u a r e -  

wave f r e q u e n c y  i s  c o n t r o l l e d  by v a r y i n g  t h e  v o l t a g e  a p p l i e d  t o  t h e  b a s e  

res i s tors .  The squa re -wave  v o l t a g e  on one  s i d e  o f  t h e  m u l t i v i b r a t o r  i s  

u s e d  t o  d r i v e  t h e  f i r s t  m i x e r  t h r o u g h  an  emi t t e r  f o l l o w e r .  The s q u a r e -  

wave v o l t a g e  on t h e  o t h e r  s i d e  s u p p l i e s  t h e  i n p u t  f o r  D i s c r i m i n a t o r  I ,  
which  o p e r a t e s  i n  t h e  a b s e n c e  o f  g r i d  p u l s e s  t o  k e e p  t h e  c o n t r o l l e d  o s c i l -  

l a t o r  a t  t h e  c o r r e c t  f r e q u e n c y .  The o s c i l l a t o r  c o n t r o l  v o l t a g e ,  which i s  

d e r i v e d  from s w i t c h i n g  be tween t h e  o u t p u t s  of t h e  t h r e e  d i s c r i m i n a t o r s ,  i s  

f i r s t  p u t  t h r o u g h  a n  RC f i l t e r  ne twork ,  and  t h e n  a p p l i e d  t o  t h e  o s c i l l a t o r  

b a s e  r e s i s t o r s  t h r o u g h  a n  emit ter  f o l l o w e r .  

D. DISCRIMINATORS AND LIMITER ( C a r d s  3 a n d  4 )  

Each d i s c r i m i n a t o r  c o n s i s t s  of t w o  s e r i e s - t u n e d  c i r c u i t s  d r i v e n  by 

a n  emi t t e r  f o l l o w e r ,  one  t u n e d  above and t h e  o t h e r  below t h e  d e s i r e d  

f r e q u e n c y .  Two d i o d e s  r e c t i f y  t h e  o u t p u t  o f  t h e  t u n e d  c i r c u i t s ,  p r o v i d i n g  

p o s i t i v e  v o l t a g e  on  t h e  lower  f r equency  and n e g a t i v e  v o l t a g e  on t h e  h i g h e r  

f r e q u e n c y .  T h e s e  a r e  r e s i s t i v e l y  added and a p p l i e d  t o  a n  emi t te r  f o l l o w e r  

which p r o v i d e s  one  of t h e  i n p u t s  t o  t h e  s w i t c h i n g  c i r c u i t s .  

D i s c r i m i n a t o r s  I1 and I11 a r e  t u n e d  t o  t h e  w h i t e  and b l a c k  f r e q u e n c i e s ,  

r e s p e c t i v e l y .  T h e s e  a r e  1 9 0  k c ,  t h e  o s c i l l a t o r  f r e q u e n c y ,  p l u s  2 9 . 4  k c ,  

t h e  w h i t e  f r e q u e n c y ,  and 21.0 k c ,  t h e  b l a c k  f r e q u e n c y ,  f o r m i n g  219.4 k c a n d  

211.0  kc .  The two t u n e d  c i r c u i t s  i n  t h e  w h i t e  d i s c r i m i n a t o r  ( l a b e l e d  

D i s c r i m i n a t o r  1 1 ,  i n  F i g .  2 )  a r e  tuned  t o  208 and 238 k c ,  w h i l e  t h e  two t u n e d  

c i r c u i t s  i n  t h e  b l a c k  d i s c r i m i n a t o r ( l a b e 1 e d D i s c r i m i n a t o r  1 1 1 ,  i n  F i g .  2 )  

a r e  t u n e d  t o  200  kc and 230 kc .  Each of t h e s e  d i s c r i m i n a t o r s  i s  s u p p l i e d  

by t h e  o u t p u t  o f  t h e  s t a g g e r e d  t r i p l e  a m p l i f i e r  which  f i r s t  d r i v e s  a 

l i m i t e r  c i r c u i t  t h a t  c l i p s  t h e  s i g n a l  so t h a t  t h e  l o o p  g a i n  w i l l  n o t  b e  

a m p l i t u d e - s e n s i t i v e .  The c l i p p e d  s q u a r e  wave fo rms  t h e  i n p u t  o f  t h e  t w o  

e m i t t e r  f o l l o w e r s  d r i v i n g  t h e s e  d i s c r i m i n a t o r s .  

I n  t h e  a b s e n c e  o f  g r i d  p o i n t s ,  t h e  s w i t c h i n g  c i r c u i t  c o n n e c t s  t h e  

o s c i l l a t o r  c o n t r o l  s i g n a l  t o  t h e  o u t p u t  o f  D i s c r i m i n a t o r  I ,  which s e r v e s  

t o  keep  t h e  c o n t r o l l e d  o s c i l l a t o r  a t  i t s  normal  f r e q u e n c y  of  1 9 0  kc .  

d i s c r i m i n a t o r  i s  s i m i l a r  t o  t h e  o t h e r  two d e s c r i b e d ,  h a v i n g  t u n i n g  f r e -  

q u e n c i e s  o f  175  kc and  205 k c ,  t o  p r o v i d e  a c e n t e r  f r e q u e n c y  o f  1 9 0  kc .  

The 
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E .  DISCRIMINATOR SWITCHING ( C a r d s  1 a n d  2 )  

T h r e e  i d e n t i c a l  5 - d i o d e  a n a l o g  g a t e s ,  l o c a t e d  on Card 2 ,  a r e  employed 

t o  t r a n s f e r  c o n t r o l  of t h e  f i r s t  o s c i l l a t o r  be tween t h e  t h r e e  d i s c r i m i n a -  

t o r s .  

i n p u t s  a r e  r e s p e c t i v e l y  c o n n e c t e d  t o  t h e  t h r e e  d i s c r i m i n a t o r s .  
c i r c u i t r y  i s  s o  a r r a n g e d  t h a t  o n l y  one  o f  t h e  g a t e s  may be  c o n d u c t i n g  a t  

any  one  i n s t a n t .  

The o u t p u t s  o f  t h e  t h r e e  gates  are  a l l  c o n n e c t e d  t o g e t h e r  w h i l e  t h e  
The c o n t r o l  

The c o n t r o l  c i r c u i t r y  c o n s i s t s  p r i m a r i l y  o f  two c a s c a d e d  e m i t t e r -  

c o u p l e d  m o n o s t a b l e  m u l t i v i b r a t o r s  l o c a t e d  on Card  1. The f i r s t  m o n o s t a b l e  

is  t r i g g e r e d  by t h e  n e g a t i v e - g o i n g  i n p u t  g r i d  p u l s e  ( T e s t  P o i n t  C) which  

t u r n s  on a n o r m a l l y  o f f  t r a n s i s t o r .  The  r e c o v e r y  t i m e  o f  t h e  f i r s t  mono- 

s t a b l e  i s  a d j u s t a b l e  by v a r y i n g  t h e  s e t t i n g  o f  t h e  50-k i lohm p o t e n t i o m e t e r  

“ F i r s t  Monos tab le  Wid th . ”  The second m o n o s t a b l e  i s  t r i g g e r e d ,  i n  t u r n ,  

upon r e c o v e r y  of  t h e  f i r s t  by means o f  a 680-p.pf c a p a c i t o r  c o u p l e d  t o  t h e  

b a s e  o f  t h e  n o r m a l l y  o f f  t r a n s i s t o r .  The f i r s t  m o n o s t a b l e  i s  p r e v e n t e d  

from f i r i n g  a g a i n  u n t i l  t h e  second  monos tab le  h a s  r e c o v e r e d  by means o f  

an  18 -k i lohm f e e d b a c k  res is tor  coup led  t o  t h e  i n p u t  b a s e  o f  t h e  f i r s t  

m o n o s t a b l e .  The  r e c o v e r y  t i m e  o f  t h e  second  m o n o s t a b l e  i s  a d j u s t a b l e  by 

v a r y i n g  t h e  s e t t i n g  o f  t h e  SO-kilohm p o t e n t i o m e t e r  “Second  Monos tab le  
Width.  ’* 

T h r e e  s i g n a l s  t o  c o n t r o l  t h e  three a n a l o g  g a t e s  a r e  d e r i v e d  from these  

two m o n o s t a b l e s  and a p p e a r  on P i n s  8 ,  9 ,  and 10 o f  Card  1. Each a n a l o g  

g a t e  i s  d i s c o n n e c t e d  i f  i t s  c o n t r o l  s i g n a l  i s  l e s s  t h a n  p l u s  t e n  v o l t s ,  

and c o n n e c t e d  i f  t h e  c o n t r o l  s i g n a l  i s  g r e a t e r  t h a n  t e n  v o l t s .  The con-  

t r o l  s i g n a l  f o r  t h e  n o r m a l l y  c o n d u c t i n g  g a t e  ( u s e d  f o r  s w i t c h i n g  

D i s c r i m i n a t o r  I )  i s  d e r i v e d  from t h e  o u t p u t s  o f  b o t h  m o n o s t a b l e s  t h r o u g h  

two 33-k i lohm resis tors .  I f  e i t h e r  m o n o s t a b l e  i s  f i r i n g ,  t h e n  t h e  f i r s t  

g a t e  i s  d i s c o n n e c t e d .  The c o n t r o l  s i g n a l  f o r  t h e  second  g a t e  ( u s e d  f o r  

s w i t c h i n g  D i s c r i m i n a t o r  11) is o b t a i n e d  from t h e  f i r s t  m o n o s t a b l e  u s i n g  

an NPN t r a n s i s t o r  f o r  i n v e r s i o n  s o  t h a t  t h e  s e c o n d  g a t e  i s  c o n n e c t e d  o n l y  

when t h e  f i r s t  m o n o s t a b l e  i s  f i r i n g .  The c o n t r o l  s i g n a l  f o r  t h e  t h i r d  g a t e  

( u s e d  f o r  s w i t c h i n g  D i s c r i m i n a t o r  111)  i s  s i m i l a r l y  o b t a i n e d  from t h e  

s e c o n d  m o n o s t a b l e ,  a l l o w i n g  t h e  t h i r d  g a t e  t o  b e  c o n n e c t e d  o n l y  when t h e  

s e c o n d  monos tab le  i s  f i r i n g .  I n  t h i s  manner t h e  c o n t r o l  o f  t h e  o s c i l l a t o r  

on Card  4 i s  t r a n s f e r r e d  from D i s c r i m i n a t o r  I ,  upon r e c e i p t  o f  a g r i d  

p u l s e ,  f i r s t  t o  D i s c r i m i n a t o r  1 1 ,  t h e n  t o  D i s c r i m i n a t o r  1 1 1 ,  and  f i n a l l y  
back  t o  D i s c r i m i n a t o r  I .  
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I n  o r d e r  t o  p r o v i d e  a smooth t r a n s i t i o n  i n  o u t p u t  f r e q u e n c y  be tween 
t h e  b l a c k  and w h i t e  f r e q u e n c i e s  wi thou t  e x c e s s i v e  o v e r s h o o t ,  t h e  common 

o u t p u t  of  t h e  t h r e e  g a t e s  is  p a r t i a l l y  l i m i t e d  by a p a r a l l e l  c o m b i n a t i o n  

o f  two d i o d e - r e s i s t o r  se r ies  c i r c u i t s .  ( T h i s  ne twork  se rves  t o  l i m i t  t h e  
l o o p  g a i n  when t h e  i n s t a n t a n e o u s  s i g n a l  f r e q u e n c y  and  t h e  d i s c r i m i n a t o r  

f r e q u e n c y  a r e  w i d e l y  d i f f e r e n t ,  wh i l e  m a i n t a i n i n g  a h i g h  l o o p  g a i n  n e a r  

t h e  n u l l ) .  

F .  DETAILED TECHNICAL DESCRIPTION OF H R I R  GRIDDER 

S i n c e  HRIR i s  f u n c t i o n a l l y  i d e n t i c a l  t o  AVCS, o n l y  t h e  d i f f e r e n c e s  

i n  d e t a i l s  w i l l  be c o v e r e d  h e r e .  The o s c i l l a t o r  f r e q u e n c y  f o r  HRIR is 
200 k c ,  w i t h  t h e  6 6 - t o  80-kc  i n p u t  s i g n a l  h e t e r o d y n e d  up t o  266 t o  2 8 0 k c .  

As i n  AVCS t h e  s i g n a l  g o e s  f i r s t  t o  Card  5 where i t  is  h e t e r o d y n e d  up ,  

u s i n g  a b a l a n c e d  m i x e r ,  and t h e n  a m p l i f i e d  i n  a s t a g g e r e d  t r i p l e .  The 
h i g h  f r e q u e n c y  s i g n a l  t h e n  goes  t o  Card 6 where i t  f e e d s  t h e  b a s e  o f  t h e  

s e c o n d  m i x e r ,  whose emitter i s  d r i v e n  by t h e  same c r y s t a l - o s c i l l a t o r -  

e m i t t e r - f o l l o w e r  combina t ion .  

The two s y s t e m s  d i f f e r  c o n s i d e r a b l y  i n  t h e  m i x e r  o u t p u t  c i r c u i t s ,  i n  

t h a t  c o n v e n t i o n a l  components ,  r a t h e r  t h a n  p o t t e d  cus tom f i l t e r s ,  a r e  used  

t o  form t h e  c o r r e c t  f i l t e r i n g  c h a r a c t e r i s t i c s .  A c o n s t a n t - k  low-pass  

f i l t e r  i s  used  i n  t h e  c o l l e c t o r  of  t h e  mixe r  t o  a t t e n u a t e  t h e  o s c i l l a t o r  

s i g n a l  and i t s  ha rmon ics .  An e m i t t e r  t r a p  i s  u s e d  t o  f u r t h e r  a t t e n u a t e  

t h e  200-kc o s c i l l a t o r  f r equency .  In  a d d i t i o n ,  a b a n d - p a s s  s y s t e m  from 

66  t o  8 0  kc is  used  c o n s i s t i n g  o f  a d o u b l e - t u n e d  c i r c u i t  u s i n g  low s i d e  

c a p a c i t i v e  c o u p l i n g ,  and a broad-band s i n g l e - t u n e d  c i r c u i t  a c r o s s  t h e  

o u t p u t  t e r m i n a t i o n .  

To p r o v i d e  “ c o l d ”  and  “ h o t ”  p o i n t s  a t  66  kc and  8 0  k c ,  r e s p e c t i v e l y ,  

D i s c r i m i n a t o r s  I1 and 111 a r e  tuned  t o  266 k c  and 280 kc .  The 266 kc  i s  

e s t a b l i s h e d  u s i n g  t u n i n g  f r e q u e n c i e s  of  248 kc  and 288 kc ,  w h i l e  t h e  

280-kc  i s  e s t a b l i s h e d  u s i n g  262 kc  and 302 kc .  D i s c r i m i n a t o r  I u s e s  

t u n i n g  f r e q u e n c i e s  o f  180  k c  and  220 kc t o  p r o v i d e  a 200-kc  c e n t e r  f r e -  

quency .  The o n l y  o t h e r  d i f f e r e n c e s  be tween HRIR and  AVCS a re  i n  t h e  s i z e s  

o f  t h e  monos tab le  time c o n s t a n t s  on Card  1, s i n c e  t h e  HRIR g r i d  p u l s e s  
a r e  w i d e r  t h a n  t h a t  o f  AVCS. 

G .  TEST DEMODULATOR 

The FM demodu la to r  i n c l u d e d  i n  t h e  s w i t c h i n g  p a n e l  o f  t h e  r a c k  i s  

a s e l f - c o n t a i n e d  u n i t  d e s i g n e d  t o  be  u sed  f o r  a l i g n m e n t  and m a i n t e n a n c e  
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p u r p o s e s .  F i g u r e  4 shows a s c h e m a t i c  d i ag ram o f  t h i s  u n i t .  Depending  

upon t h e  p o s i t i o n  o f  t h e  i n p u t  r o t a r y  s w i t c h  t h e  d e m o d u l a t o r  o p e r a t e s  

w i t h  e i t h e r  t h e  AVCS f r e q u e n c i e s  of  18 t o  3 0  k c  or t h e  H R I R  f r e q u e n c i e s  

o f  66  t o  80  kc .  The i n p u t  a m p l i t u d e  o f  t h e  FM s i g n a l  may v a r y  f rom 0 . 5  

t o  2 . 0  v o l t s  PP ( 0 . 1 8  t o  0 .71  v o l t s  r m s ) .  The o u t p u t  s i g n a l  i s  d c  c o u p l e d ,  

v a r y i n g  from a p p r o x i m a t e l y  minus t w e l v e  v o l t s  t o  g round .  Two t w e n t y - v o l t  

power s u p p l i e s  a r e  used ,  s u p p l y i n g  t h e  p l u s  and  minus 2 0 - v o l t  b u s s e s .  A 

s i n g l e  t r a n s i s t o r  i s  used  t o  r e g u l a t e  an  a d d i t i o n a l  minus-twelve-volt bus 
from t h e  n e g a t i v e  s u p p l y .  

The  demodu la to r  o p e r a t e s  on a c y c l e - t o - c y c l e  b a s i s  w i t h  no  s t o r a g e ;  

t h a t  i s ,  e a c h  c y c l e  o f  t h e  i n p u t  FM s i g n a l  i s  t r e a t e d  s e p a r a t e l y .  The 

o u t p u t  of  t h e  demodu la to r  ( b e f o r e  a s i m p l e  RC f i l t e r )  i s  a s t a i r s t e p  

wave-form,  t h e  d c  l e v e l  o f  e a c h  s t e p  r e p r e s e n t i n g  t h e  r e c i p r o c a l  o f  t h e  

t i m e  be tween  z e r o  c r o s s i n g s  o f  t h e  i n p u t  s i g n a l .  I n  t h i s  manner t h e  v a r i -  
a t i o n s  i n  d c  l e v e l s  o f  t h e  s t a i r s t e p s  a r e  l i n e a r l y  r e l a t e d  t o  t h e  c y c l e -  

b y - c y c l e  f r e q u e n c y  v a r i a t i o n s  a t  t he  i n p u t .  

D u r i n g  one c y c l e  of  t h e  i n p u t  s i g n a l  t h e  s e q u e n c e  o f  o p e r a t i o n s  i n  

t h e  demodu la to r  i s  a s  f o l l o w s :  The p o s i t i v e - g o i n g  z e r o  c r o s s i n g  o f  t h e  

i n p u t  s i g n a l  c a u s e s  a 2200-ppf  c a p a c i t o r  t o  b e  c lamped t o  a -12 v o l t  

l e v e l  f o r  a f i x e d  l e n g t h  o f  t i m e ,  s l i g h t l y  s h o r t e r  t h a n  h a l f  t h e  p e r i o d  

o f  t h e  h i g h e s t  i n s t a n t a n e o u s  f r equency  of  t h e  band. Then t h e  c a p a c i t o r  

is  a l l o w e d  t o  c h a r g e  e x p o n e n t i a l l y  toward  ground u n t i l  t h e  n e g a t i v e -  

g o i n g  z e r o  c r o s s i n g  o c c u r s .  A t  t h i s  i n s t a n t  t h e  c h a r g i n g  c u r r e n t  i s  

s t o p p e d ,  and  t h e  v o l t a g e  l e v e l  a t t a i n e d  by t h e  c a p a c i t o r  i s  t r a n s f e r r e d  
t h r o u g h  a s i x - d i o d e  g a t e  t o  a 3 9 0 0 - w f  c a p a c i t o r  and t h e n c e  t h r o u g h  two 

c a s c a d e d  e m i t t e r  f o l l o w e r s  t o  t h e  o u t p u t .  The n e x t  p o s i t i v e - g o i n g  z e r o  

c r o s s i n g  c a u s e s  t h e  d i o d e  g a t e  t o  be d i s c o n n e c t e d  s o  t h a t  t h e  v o l t a g e  on 

t h e  3900-ppf  c a p a c i t o r  c o n t i n u e s  t o  b e  t r a n s m i t t e d  t o  t h e  o u t p u t  w h i l e  
t h e  2200-ppf  c a p a c i t o r  i s  b e i n g  cha rged  o n c e  a g a i n .  

T r a c i n g  t h e  o p e r a t i o n  o f  t h e  c i r c u i t  i t  may be s e e n  t h a t  t h e  s i g n a l  

i s  f i r s t  l i m i t e d  t o  t h e  r a n g e  i0.6 v o l t s  by two s i l i c o n  d i o d e s  (DI -56) .  

T h i s  s i g n a l  i s  t h e n  a m p l i f i e d  and l i m i t e d  i n  t h r e e  s t a g e s ,  t h e  f i r s t  
b e i n g  a c o n v e n t i o n a l  s i n g l e  t r a n s i s t o r  a m p l i f i e r ,  w h i l e  t h e  second  and  
t h i r d  s t a g e s  a r e  a r r a n g e d  as  d i f f e r e n c e  a m p l i f i e r s .  

on t h e  c o l l e c t o r s  o f  t h e  t h i r d  s t a g e  a r e  e s s e n t i a l l y  squa re -wave  s i g n a l s  
o u t  o f  phase .  

t h e  two s q u a r e  waves.  I n  a d d i t i o n ,  one  of t h e  emi t t e r  f o l l o w e r s  d r i v e s  

The s i g n a l s  a p p e a r i n g  

The s i x - d i o d e  g a t e  is d r i v e n  by t w o  emi t t e r  f o l l o w e r s  f rom 
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b o t h  t h e  time d e l a y  c i r c u i t  and  t h e  h o l d i n g  t r a n s i s t o r .  

t i m e  d e l a y  i s  o b t a i n e d  by c o u p l i n g  t h e  n e g a t i v e - g o i n g  e d g e  o f  t h e  s q u a r e  
wave t h r o u g h  a 500-wf c a p a c i t o r  t o  t h e  b a s e  of  t h e  NPN t ime d e l a y  t r a n s -  

s i s t o r ,  c u t t i n g  i t  o f f  u n t i l  t h e  500-ppf c a p a c i t o r  h a s  t i m e  t o  r e c h a r g e  

t h r o u g h  t h e  110-k i lohm r e s i s t o r .  ( I n  t h e  H R I R  mode t h e  110-k i lohm r e -  

s i s to r  is  s h u n t e d  by a 56-k i lohm t o  d e c r e a s e  t h e  t i m e  d e l a y . )  C u t t i n g  

o f f  t h e  t i m e  d e l a y  t r a n s i s t o r  c a u s e s  t h e  d i s c h a r g e  t r a n s i s t o r  t o  be  t u r n e d  

on so t h a t  t h e  2200-lylf c a p a c i t o r  is c lamped t o  minus t w e l v e  v o l t s .  A t  
t h e  end of  t h e  t i m e - d e l a y  p e r i o d  t h e  d i s c h a r g e  t r a n s i s t o r  becomes c u t  o f f ,  

a l l o w i n g  t h e  2 2 0 0 - w f  c a p a c i t o r  t o  c h a r g e  toward  ground t h r o u g h  a d i o d e  

and  a 4 .7-k i lohm r e s i s t o r .  ( I n  t h e  YRIR mode, t h e  4 .7 -k i lohm r e s i s t o r  

is  s h u n t e d  by a 2 .7 -k i lohm r e s i s t o r  t o  p r o v i d e  a f a s t e r  c h a r g i n g  r a t e . )  

T h i s  c h a r g i n g  c o n t i n u e s  u n t i l  t h e  p o s i t i v e - g o i n g  edge  o f  t h e  s q u a r e  wave 

o c c u r s ,  a t  which t i m e  t h e  h o l d i n g  t r a n s i s t o r  i s  t u r n e d  o n ,  d i s c o n n e c t i n g  

t h e  c h a r g i n g  c u r r e n t .  A t  t h e  same t i m e ,  t h e  s i x - d i o d e  g a t e  i s  t u r n e d  on ,  

a l l o w i n g  t h e  v o l t a g e  l e v e l  a t t a i n e d  by t h e  2200 , -wf  c a p a c i t o r  t o  be t r a n s -  

f e r r e d  t o  t h e  3 9 0 0 - w f  s t o r a g e  c a p a c i t o r  t h r o u g h  t h e  two c a s c a d e d  emi t te r  

f o l l o w e r s .  The g a t e  r ema ins  s h o r t e d  f o r  one  h a l f  a c y c l e  o f  t h e  i n p u t  

s i g n a l ,  becoming d i s c o n n e c t e d  d u r i n g  t h e  o t h e r  h a l f  c y c l e .  

The n e c e s s a r y  
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IV ALIGNMENT INSTRUCTIONS FOR AVCS AND BRIR 

The f o u r  g e n e r a l  a r e a s  o f  a l i g n m e n t  a r e  o s c i l l a t o r  f r e q u e n c y ,  b l a c k  

and  w h i t e  f r e q u e n c i e s ,  o u t p u t  l e v e l ,  and g r i d  p o i n t  w i d t h s .  Items t h a t  

a r e  u n l i k e l y  t o  need  a l i g n m e n t  d u r i n g  p r o l o n g e d  o p e r a t i o n a l  u s e  e x c e p t  

f o r  component changes  a r e  o s c i l l a t o r  b a l a n c e  on AVCS, and  t u n i n g  f r e -  

q u e n c i e s  o f  t h e  s t a g g e r e d  t r i p l e  a m p l i f i e r ,  and o t h e r  f i l t e r s .  

A .  OSCILLATOR FREQUENCY 

I n  t h e  i n i t i a l  s e t  u p ,  t h e  t e s t  o s c i l l a t o r  o u t p u t  i s  p lugged  i n t o  

t h e  j a c k  1 a b e l e d " D I S C  I INSERT," wi th  t h e  o s c i l l o s c o p e  1 o o k i n g a t T e s t  

P o i n t  D on  Card  4. Using  t h e  c o u n t e r ,  t h e  f r e q u e n c y  o f  t e s t  s i g n a l  i s  

s e t  a t  175  kc  and 205 kc f o r  AVCS, and 180 k c  and  220 k c  f o r  HRIR, w i t h  

t h e  a s s o c i a t e d  c o i l s  t u n e d  t o  p r o v i d e  a maximum and  minimum r e a d i n g ,  

r e s p e c t i v e l y ,  a s  i n d i c a t e d  on t h e  o s c i l l o s c o p e .  I t  i s  i m p o r t a n t  i n  t h i s  

and  a l l  o t h e r  d i s c r i m i n a t o r  t u n i n g  t o  maximize and min imize  t h e  a v e r a g e  

dc  v a l u e  and i g n o r e  t h e  u n f i l t e r e d  s i g n a l s  r i d i n g  on t h e  d c  l e v e l .  T h i s  

i n i t i a l  d i s c r i m i n a t o r  s e t - u p  r e p r e s e n t s  t h e  c o a r s e  a d j u s t m e n t  and  s h o u l d  

n o t  r e q u i r e  r e a d j u s t m e n t  d u r i n g  t h e  c o u r s e  o f  p r o l o n g e d  normal  usage .  

For t h e  f i n e  a d j u s t m e n t s ,  t h e  b e a t  be tween t h e  c o n t r o l l e d  o s c i l l a t o r  

and t h e  c r y s t a l  o s c i l l a t o r  i s  obse rved  by a l g e b r a i c a l l y  a d d i n g  them i n  

t h e  o s c i l l o s c o p e  U s i n g T e s t P o i n t B o n  C a r d s  4 and 6. 
u sed  i n  t h i s  a d j u s t m e n t .  To a d j u s t  t h e  f r e e - r u n n i n g  o s c i l l a t o r  f r e q u e n c y ,  

a b a r e  p l u g  is i n s e r t e d  in"D1SC I INSERT" and t h e  o s c i l l a t o r  c o n t r o l  

v o l t a g e  p o t  on Card 4 i s  a d j u s t e d  f o r  t h e  l o w e s t  f r e q u e n c y  b e a t .  F o l l o w i n g  

t h i s ,  t h e  l o o p  i s  r e s t o r e d  by removing t h e  p l u g .  The f i n a l  a d j u s t m e n t  f o r  

z e r o  b e a t  c o n s i s t s  o f  t o u c h i n g  u p  e i t h e r  one  o f  t h e  two d i s c r i m i n a t o r  c o i l s  

p r e v i o u s l y  a l i g n e d ,  f o r  a z e r o  b e a t .  These  c o i l s  r e p r e s e n t  t h e  v e r n i e r  

a d j u s t m e n t  t h a t  can  be t o u c h e d  u p  from t i m e  t o  t i m e ; t o  i n s u r e  t h a t  t h e  

i n p u t  and o u t p u t  f r e q u e n c i e s  of t h e  g r i d d e r  a r e  v e r y  c l o s e .  

No g r i d  s i g n a l s  a r e  

B. BLACK AND WHITE FREQUENCY ADJUSTMENT 

The  c o a r s e  a d j u s t m e n t  of  t h e  b l a c k  and w h i t e  (and  h o t  and c o l d )  f r e -  

q u e n c i e s  is  made by t u n i n g  t h e  d i s c r i m i n a t o r  c o i l s  u s i n g  t h e  t e s t  o s c i l -  
l a t o r  p lugged  i n t o  t h e  " l i m i t e d  I n s e r t "  j a c k  and  t h e  o s c i l l o s c o p e  o b s e r v i n g  



T e s t  P o i n t s  A and  t h e n  D on Card  3. The f r e q u e n c y  o f  t h e  tes t  o s c i l l a t o r  

i s  a d j u s t e d  u s i n g  t h e  c o u n t e r .  I n  each discriminator the lower-frequency 

coil is tuned for maximum output and the higher-frequency coil is tuned 

for minimum output. The h i g h - f r e q u e n c y  s i g n a l  supe r imposed  on  t h e  dc  

o u t p u t  s h o u l d  b e  i g n o r e d .  The  r e q u i r e d  f r e q u e n c i e s  a r e  as  f o l l o w s :  

AVCS 

B l a c k  D i s c r i m i n a t o r  ( l a b e l e d  D i s c r i m i n a t o r  111, i n  F i g .  1 )  
200-kc i n p u t - t u n e  f o r  maximum o u t p u t  a t  T e s t  P o i n t  A 
230-kc i n p u t - t u n e  f o r  minimum o u t p u t  a t  T e s t  P o i n t  A 

Whi te  D i s c r i m i n a t o r  ( l a b e l e d  D i s c r i m i n a t o r  11, i n  F i g .  1 )  
208-kc i n p u t - t u n e  f o r  maximum o u t p u t  a t  T e s t  P o i n t  D 
238-kc i n p u t - t u n e  f o r  minimum o u t p u t  a t  T e s t  P o i n t  D 

HRIR 

“ C o l d ”  D i s c r i m i n a t o r  ( l a b e l e d  D i s c r i m i n a t o r  111, i n  F i g .  2 )  
248-kc i n p u t - t u n e  f o r  maximum o u t p u t  a t  T e s t  P o i n t  A 
288-kc i n p u t - t u n e  f o r  minimum o u t p u t  a t  T e s t  P o i n t  A 

“ H o t ”  D i s c r i m i n a t o r  ( l a b e l e d  D i s c r i m i n a t o r  11,  i n  F i g .  2 )  
262-kc i n p u t - t u n e  f o r  maximum o u t p u t  a t  T e s t  P o i n t  D 
302-kc i n p u t - t u n e  f o r  minimum o u t p u t  a t  T e s t  P o i n t  D. 

The d i s c r i m i n a t o r s  a r e  a l l  t uned  w i t h i n  a few hundred  c y c l e s  o f t h e  

c o r r e c t  f r e q u e n c i e s .  The v e r n i e r  a d j u s t m e n t  i s  made u s i n g  a s i m u l a t e d  

g r i d - p o i n t  s i g n a l .  The o u t b o a r d  g r i d - p o i n t  s i g n a l  g e n e r a t o r  s u p p l i e d  

w i t h  t h e  r a c k  (shown i n  F i g .  5 )  i s  o p e r a t e d  by p l u g g i n g  t h e  b l a c k  l e a d  

i n t o  t h e  g round  t es t  p o i n t  and t h e  r e d  l e a d  i n t o  t h e  +20 v o l t  t e s t  p o i n t  

o f  any  o f  t h e  s i x  u n i t s .  T h i s  o s c i l l a t o r  g e n e r a t e s  g r i d  p o i n t s  a t  a h i g h  

r a t e .  These  can  be  p lugged  i n  t h e “ G r i d  I n s e r t ”  j a c k  f o r  a l i g n m e n t  

p u r p o s e s .  I n  a d d i t i o n ,  any  o s c i l l a t o r  s i g n a l  o f  s u f f i c i e n t  a m p l i t u d e  

( n e g a t i v e - g o i n g  p u l s e  o f  g r e a t e r  t han  5 v o l t s )  c a n  b e  u s e d  f o r  s i m u l a t e d  
g r i d  s i g n a l s .  

The  t e s t  o s c i l l a t o r  i s  p lugged  i n t o  t h e  “ V i d e o  I n s e r t ”  j a c k ,  t h e  

demodu la to r  on t h e  t e s t  p a n e l  i s  s w i t c h e d  t o  t h e  u n i t  b e i n g  a l i g n e d ,  and  

t h e  g r i d d e d  o u t p u t  i s  o b s e r v e d  by c o n n e c t i n g  t h e  o s c i l l o s c o p e  t o  t h e  

demodula ted  o u t p u t .  With t h e  t e s t  o s c i l l a t o r  a p p r o x i m a t e l y  i n  t h e  c e n t e r  

of  t h e  s i g n a l  r a n g e  (25  k c  €or AVCS and 7 3  k c  f o r  HRIR) t h e  waveforms 

shown i n  p i c t u r e  1 5  w i l l  be obse rved .  To i n s u r e  t h a t  t h e  e x c u r s i o n s  of 

t h e  g r i d  p o i n t s  a r e  a t  t h e  c o r r e c t  f r e q u e n c i e s ,  t h e  f r e q u e n c y  o f  t h e  
t e s t  o s c i l l a t o r  i s  a d j u s t e d ,  u s i n g  t h e  c o u n t e r ,  t o  t h e  b l a c k  and w h i t e  

( h o t  and  c o l d  f o r  HRIR) f r e q u e n c i e s .  Either coil of the corresponding 
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discriminator is adjusted so as to place the black o r  white point at the 

same demodulated output level as that of the input signal. F o l l o w i n g t h e  

c o a r s e  s e t - u p ,  t h e  b l a c k  and w h i t e  p o i n t s  w i l l  p r o b a b l y  be found t o  b e  

s l i g h t l y  above  or below t h e  l i n e  c o r r e s p o n d i n g  t o  t h e  c o r r e c t  f r e q u e n c y .  

The  b l a c k  and  w h i t e ,  and  h o t  and c o l d  f r e q u e n c i e s  f o r  t h e  t e s t  o s c i l l a t o r  
t o  be  a d j u s t e d  t o  f o r  t h e  v e r n i e r  a l i g n m e n t  a r e  l i s t e d  below: 

AVCS 

Whi te  D i s c r i m i n a t o r  ( l a b e l e d  D i s c r i m i n a t o r  1 1 ,  i n  F i g .  2 )  i n p u t  
a t  29.4 kc  
B lack  D i s c r i m i n a t o r  ( l a b e l e d  D i s c r i m i n a t o r  1 1 1 ,  i n  F i g .  1) i n p u t  
a t  21 .0  k c  

HRIR 

Hot  D i s c r i m i n a t o r  ( l a b e l e d  D i s c r i m i n a t o r  1 1 ,  i n  F i g .  3 )  i n p u t  
a t  80 .0  k c  
Cold  D i s c r i m i n a t o r  ( l a b e l e d  D i s c r i m i n a t o r  1 1 1 ,  i n  F i g .  3)  i n p u t  
a t  6 5 . 0  kc .  

C. OUTPUT LEVEL 

The u n i t s ,  when p r o p e r l y  t e r m i n a t e d ,  a r e  d e s i g n e d  t o  o p e r a t e  w i t h  

one  v o l t  p -p  i n p u t  and o u t p u t .  T h i s  i s  n o r m a l l y  o b t a i n e d  by f i r s t  s e t t i n g  

t h e  i n p u t  l e v e l  c o n t r o l  a t  i t s  m i d - p o i n t ,  and s e t t i n g  t h e  o u t p u t  l e v e l  

c o n t r o l  t o  one  v o l t  PP w i t h  a o n e - v o l t  PP s i g n a l  p lugged  i n t o  t h e  v i d e o  
i n s e r t  j a c k .  The i n p u t - l e v e l  c o n t r o l  s h o u l d  o n l y  be  changed  f o r  o p e r a t i o n  

w i t h  i n p u t  s i g n a l s  l e s s  t h a n  or g r e a t e r  t h a n  one  v o l t .  Both  o f  t h e  ampl i -  

t u d e  c o n t r o l s  a r e  on  Card 5 .  

D. G R I D - P O I N T  WIDTHS 

The g r i d - p o i n t  w i d t h  a d j u s t m e n t s  r e q u i r e  t h e  u s e  o f  t h e  s i m u l a t e d  

g r i d - p o i n t  g e n e r a t o r  p lugged  i n t o  t h e  “ G r i d  I n s e r t ”  j a c k ,  and  r e c e i v i n g  

power from any o f  t h e  +20 v o l t  s u p p l i e s .  Each c o n t r o l  h a s  an  a s s o c i a t e d  

t e s t  p o i n t  on Card  1 f o r  o b s e r v i n g  t h e  w i d t h  o f  t h e  c o r r e s p o n d i n g  S l a c k  

o r w h i t e  p u l s e .  These  a r e  i t e m i z e d  below: 

AVCS 

Whi te  p u l s e  w i d t h  ( l a b e l e d  Monos tab le  I ,  i n  F i g .  2 )  
r e a d  on T e s t  P o i n t  B 

B l a c k  p u l s e  w i d t h  ( l a b e l e d  Monos tab le  1 1 ,  i n  F i g .  2 )  
r e a d  o n - T e s t  P o i n t  A 
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HRIR 

“ H o t ”  p u l s e  w i d t h  ( l a b e l e d  Monos tab le  I ,  i n  F i g .  3 )  

“ C o l d ”  p u l s e  w i d t h  ( l a b e l e d  Monos tab le  11, i n  F i g .  3 )  
r e a d  on T e s t  P o i n t  B 

r e a d  on T e s t  P o i n t  A. 

E .  STAGGER-TUNED AMPLIFIERS 

The  s t a g g e r e d  t r i p l e  s h o u l d  not  r e q u i r e  r e t u n i n g  i n  normal  u s a g e .  

I f  e i t h e r  a t u n i n g  c o i l  or c a p a c i t o r  i s  changed ,  t h e  t r i p l e  c a n  b e  re- 

t u n e d  by a p p l y i n g  t h e  r e q u i r e d  h i g h - f r e q u e n c y  s i g n a l s  d i r e c t l y  t o  t h e  

“ V i d e o  I n s e r t ”  j a c k  u s i n g  t h e  t e s t  o s c i l l a t o r  and  c o u n t e r .  The t e s t  

o s c i l l a t o r  i s  a d j u s t e d  a l t e r n a t e l y  t o  e a c h  o f  t h e  t u n i n g  f r e q u e n c i e s .  

Ca rd  5 ,  t h e  c a r d  c o n t a i n i n g  t h e  t r i p l e ,  i s  p l a c e d  on t h e  c a r d  e x t e n d e r  

t o  make t h e  t u n i n g  c o i l s  a v a i l a b l e .  The o s c i l l o s c o p e  i s  c o n n e c t e d  t o  

t h e  l i m i t e r  i n p u t  which i s  T e s t  P o i n t  B on  Card  3. S t a r t i n g  w i t h  t h e  

f i r s t  t u n e d  c i r c u i t ,  which  i s  t h e  mixer  o u t p u t  t r a n s f o r m e r ,  t h e  c o i l s  

a r e  maximized u s i n g  t h e  f o l l o w i n g  f r e q u e n c i e s :  

AVCS-220.9 k c ,  211 .5  k c ,  and 201.7 k c  

HRIR-285.85 k c ,  273 .75  k c ,  and 262 .15  kc .  

F o l l o w i n g  t h i s  t h r e e - p o i n t  a l i g n m e n t ,  t h e  t e s t  o s c i l l a t o r  c a n  be manua l ly  

swep t  t h r o u g h  t h e  band w i t h  t h e  l imi t e r  i n p u t  o b s e r v e d  f o r  a c o n s t a n t  o u t -  

p u t  l e v e l .  The  i n d i v i d u a l  c o i l s  can  b e  s l i g h t l y  r e a d j u s t e d  f o r  t h e  f l a t -  

t e s t  r e s p o n s e ,  a l t h o u g h  t h i s  w i l l  u s u a l l y  n o t  b e  r e q u i r e d .  

F. OSCILLATOR BALANCE (AVCS O n l y )  

T h i s  a d j u s t m e n t  n e e d s  t o  be made o n l y  a f t e r  a component change  i n  

t h e  b a l a n c e d  mixe r .  The g r i d - p o i n t  g e n e r a t o r  i s  p lugged  i n t o  t h e “ G r i d  

1 n s e r t ” j a c k  w i t h  no i n p u t  v i d e o  s i g n a l  ( t e s t  o s c i l l a t o r  or norma l  i n p u t )  

coming i n t o  t h e  v i d e o  i n p u t .  The l a t t e r  c a n  b e  accompl i shed  w i t h  a b a r e  

p l u g  i n  t h e  “ V i d e o  I n s e r t ”  j a c k .  The o s c i l l a t o r  b a l a n c e  c o n t r o l  i s  t h e n  

a d j u s t e d  f o r  minimum o u t p u t  a t  t h e  l imi t e r  i n p u t  which  i s  T e s t  P o i n t  B 
on Card  3. 

G .  OSCILLATOR REJECTION AND OUTPUT T U N I N G  ( H R I R  O n l y )  

N e i t h e r  of  t h e s e  a d j u s t m e n t s  on  Card  7 s h o u l d  need  r e - s e t t i n g  a f t e r  
an i n i t i a l  a l i g n m e n t .  The o s c i l l a t o r  r e j e c t i o n  i s  accompl i shed  by an 
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emi t t e r  t r a p .  A c a r d  e x t e n d e r  i s  used t o  make t h e  t u n i n g  c o i l  a v a i l a b l e .  

I n  t h e  a b s e n c e  o f  v i d e o  i n p u t ,  i t  i s  t u n e d  f o r  minimum o u t p u t  s i g n a l  a t  

t h e  200-kc  o s c i l l a t o r  f r e q u e n c y .  The o u t p u t  i s  o b s e r v e d  on T e s t  P o i n t  A 

o f  C a r d  7 .  

The  o u t p u t  t a n k  c i r c u i t  i s  a v a i l a b l e  f rom t h e  f r o n t  and  i s  t u n e d  by 

u s i n g  t h e  t e s t  o s c i l l a t o r  a s  t h e  v ideo  i n p u t  and  s e t t i n g  it t o  73 kc .  The 

o u t p u t  i s  t h e n  maximized by  o b s e r v i n g  t h e  v i d e o  o u t p u t .  S i n c e  t h e  c i r c u i t  

i s  v e r y  low Q and d i f f i c u l t  to maximize,  i t  c a n  b e  r e t o u c h e d  by o b s e r v i n g  

t h e  f l a t n e s s  o f  t h e  o v e r - a l l  pas sband  from 66 t o  80 k c ,  and  t u n e d  a c c o r d -  
i n g l y  t o  f a v o r  t h e  h i g h  or low s i d e .  
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V MAINTENANCE 

I f  any u n i t  were t o  m a l f u n c t i o n  w h i l e  p i c t u r e s  a r e  b e i n g  g r i d d e d ,  t h e  
immedia t e  s o l u t i o n  would be t o  i n t e r c h a n g e  a s p a r e  w i t h  t h e  d e f e c t i v e  u n i t ,  

u s i n g  t h e  c o n v e n i e n t  f r o n t - p a n e l  p l u g s .  The d e f e c t i v e  u n i t  s h o u l d  f i r s t  
b e  checked  f o r  a m a l f u n c t i o n  i n  one o f  i t s  f o u r  power s u p p l i e s .  T h e s e o u t -  
p u t s  a r e  a v a i l a b l e  a t  t h e  f r o n t  p a n e l  and can  b e  r e a d i l y  checked  w i t h  an 

o s c i l l o s c o p e  or v o l t m e t e r .  I f  t h e y  a r e  o p e r a t i n g  p r o p e r l y ,  a more sys t em-  

a t i c  check  w i l l  b e  r e q u i r e d .  F i g u r e  6 shows t h e  power w i r i n g  f o r  b o t h  AVCS 

and HRIR.  

The m a l f u n c t i o n  can  be c l a s s i f i e d  i n t o  one  o f  two c a t e g o r i e s ,  imprope r  

s i g n a l  h a n d l i n g  and  imprope r  g r i d d i n g .  The f i r s t  c a t e g o r y  s i m p l y  s t a t e s  

t h a t ,  i n  t h e  a b s e n c e  o f  g r i d  p u l s e s ,  t h e  o u t p u t  v i d e o  s i g n a l  i s  u n l i k e  t h e  

i n p u t .  I f  t h e  o u t p u t  s i g n a l  d o e s  no t  e x i s t ,  t h e  i n p u t  s i g n a l  c a n  b e t r a c e d  

t h r o u g h  t h e  t e s t  p o i n t s  i n  t h e  f o l l o w i n g  o r d e r :  

AVCS-video i n p u t ,  f i l t e r  i n p u t ,  f i l t e r  o u t p u t ,  b a s e  o f  
s econd  mixe r  v i d e o  o u t p u t  

HRIR-video i n p u t ,  b a s e  o f  second m i x e r ,  v i d e o  o u t p u t .  

I f  t h e  s i g n a l  e x i s t s  a t  t h e  v ideo  i n p u t  p o i n t ,  b u t  n o t  a t  t h e  b a s e  

o f  t h e  s e c o n d  m i x e r ,  i n  a d d i t i o n  t o  t h e  i n t e r v e n i n g  a m p l i f i e r  c i r c u i t r y  

t h e  c o n t r o l l e d  o s c i l l a t o r  s h o u l d  be checked  f o r  o p e r a t i o n  u s i n g  t h e  ap -  

p r o p r i a t e  t es t  p o i n t .  I f  t h e  s i g n a l  e x i s t s  a t  t h e  b a s e  o f  t h e  s e c o n d  

m i x e r  and n o t  a t  t h e  v i d e o  o u t p u t ,  i n  a d d i t i o n  t o  c h e c k i n g  t h e  i n t e r v e n i n g  

a m p l i f i e r  c i r c u i t r y  t h e  c r y s t a l  o s c i l l a t o r  s h o u l d  b e  checked  a t  t h e  a p -  

p r o p r i a t e  tes t  p o i n t .  The  c o r r e c t  waveform f o r  e a c h  t e s t  p o i n t  i s  g i v e n  

i n  t h e  o s c i l l o s c o p e  p h o t o g r a p h s  i n  Appendices  A and B. 

I f  t h e  pas s -band  be tween i n p u t  and  o u t p u t  i s  p o o r ,  a s  i n d i c a t e d  by 

manua l ly  sweep ing  t h e  t e s t  o s c i l l a t o r  t h r o u g h  t h e  band ,  i t  c a n  be  r e a l i g n e d  

a s  i n d i c a t e d  i n  t h e  a l i g n m e n t  s e c t i o n .  

I f  t h e  s i g n a l  i s  h i g h l y  d i s t o r t e d  d u r i n g  t h e  d u r a t i o n  o f  t h e  g r i d  

p u l s e s ,  t h e  d i s c r i m i n a t o r s  on Card 3 s h o u l d  b e  checked  f o r  o p e r a t i o n  and 

a l i g n m e n t .  A g r o s s  m i s t u n i n g  of  e i t h e r  d i s c r i m i n a t o r  can  c a u s e  t h e  s i g n a l  

d u r i n g  e i t h e r  a b l a c k  or w h i t e  p o i n t  t o  l e a v e  t h e  p a s s - b a n d ,  c a u s i n g  a 

h o l e  i n  t h e  o u t p u t  s i g n a l .  
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LOOKING FROM FRONT-RIGHT TO LEFT 7 r-- 

I 
!- 

LSUPPLY MODULE 
OUTLINE PIN @ & - 

IN SERIES WITH EACH POWER CONNECTION POINT ON EACH 
CARD CONNECTOR (PINS%-%) IS A 2.4mh. FROM EACH 

PIN @ + 2 0 v  - PIN IS A 22pf  CAPACITOR TO GROUND. PIN +IOv 

PIN @ -2Ov 

RA -3927- 155 

FIG. 6 POWER WIRING - HRlR AND AVCS 
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A .  LACK OF G R I D D I N G  

I f  g r i d d i n g  i s  n o t  t a k i n g  p l a c e  when g r i d  p u l s e s  a r e  i n s e r t e d ,  t h e  

p rob lem l i e s  somewhere i n  t h e  s w i t c h i n g  s y s t e m  c o n s i s t i n g  of  C a r d s  1 a n d 2 .  

I f  t h e r e  i s  no r e s p o n s e  t o  a n  i n p u t  g r i d  p u l s e ,  t h e n  t h e  f i r s t  mono- 

s t a b l e  on Card  1 i s  p r o b a b l y  n o t  f i r i n g .  The o u t p u t  o f  t h e  f i r s t  mono- 
s t a b l e  a p p e a r s  on T e s t  P o i n t  B and  s h o u l d  be a n e g a t i v e  p u l s e  s t a r t i n g  

from +15 v o l t s  and g o i n g  t o  a p p r o x i m a t e l y  g round ,  t h e  l e a d i n g  e d g e  c o i n -  
c i d e n t  w i t h  t h e  i n p u t  g r i d  p u l s e .  

B. NO “BLACK” PULSE 

I f  t h e  i n p u t  g r i d  p u l s e  c a u s e s  o n l y  a “ w h i t e ”  p u l s e  i n  t h e  v i d e o  

s i g n a l ,  t h e n  t h e  s e c o n d  m o n o s t a b l e  is p r o b a b l y  n o t  f i r i n g .  The o u t p u t  o f  

t h e  s e c o n d  m o n o s t a b l e  a p p e a r s  on T e s t  P o i n t  A, and  i s  s i m i l a r  t o  t h e  o u t -  

p u t  o f  t h e  f i r s t  m o n o s t a b l e  e x c e p t  t h a t  t h e  l e a d i n g  e d g e  i s  c o i n c i d e n t w i t h  

t h e  t r a i l i n g  edge  o f  t h e  p u l s e  from t h e  f i r s t  monos tab le .  

C. ERRATIC FREQUENCIES GENERATED D U R I N G  G R I D D I N G  

One or more o f  t h e  t r a n s i s t o r s  i n  t h e  g a t i n g  c i r c u i t s  on Card  2 may 

h a v e  f a i l e d .  The v o l t a g e s  d i r e c t l y  d r i v i n g  t h e  d i o d e  g a t e s  may b e  ob -  

s e r v e d  on t h e  t e s t  p o i n t s .  T h e “ - o f f ”  p o i n t s  ( T e s t  P o i n t s  A, C ,  E s h o u l d  

be  a t  -10 v o l t s  when t h e  r e s p e c t i v e  g a t e s  a r e  “ d i s c o n n e c t e d , ”  and  a t  t h e  

o s c i l l a t o r  c o n t r o l  v o l t a g e ,  a p p r o x i m a t e l y  g round ,  a t  t i m e s  when t h e  g a t e  

i s  “ c o n n e c t e d .  ” The “ + o f f ”  p o i n t s  ( T e s t  P o i n t s  B, D, F )  s h o u l d  be  a t  

+ l o  v o l t s  when t h e  r e s p e c t i v e  g a t e s  a r e “ d i s c o n n e c t e d , ”  and a t  t h e  o s c i l -  

l a t o r  c o n t r o l  v o l t a g e  when t h e  g a t e s  a r e “ c o n n e c t e d . ”  A t  any i n s t a n t  o f  

t i m e ,  o n l y  one  o f  t h e  g a t e s  i s  “ c o n n e c t e d , ” t h e  o t h e r  two b e i n g  

“ d i s c o n n e c t e d . ”  I n  t h e  a b s e n c e  o f  a g r i d  p u l s e ,  o n l y  t h e  f i r s t  g a t e  

( T e s t  P o i n t s  E ,  F )  i s  “ c o n n e c t e d . ”  The g r i d  p u l s e  c a u s e s  t h e  s e c o n d  g a t e  

(Tes t  P o i n t s  B, C )  to b e c o m e “ c o n n e c t e d ”  f o r  t h e  d u r a t i o n  o f  t h e  f i r i n g  

o f  t h e  f i r s t  m o n o s t a b l e ,  immedia t e ly  f o l l o w e d  by t h e  “ c o n n e c t i o n ”  o f  t h e  

t h i r d  g a t e  ( T e s t  P o i n t s  A, B) d u r i n g  t h e  f i r i n g  o f  t h e  s e c o n d  monos tab le .  

I f  t h e  p r o p e r  s i g n a l s  a p p e a r  on a l l  s i x  t e s t  p o i n t s ,  t h e n  one  o f  t h e  g a t i n g  

d i o d e s  h a s  p r o b a b l y  become open.  These may be  checked  w i t h  an ohmmeter. 
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APPENDIX A 

OSCILLOSCOPE pROTOCRAP€lS OF TEST POINTS OF THE AVCS UNIT 
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CARD 1 

Test Point C--"Input Grid Pulse" 

Ground at bottom 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

CARD 1 

Test Point B--" First Monost ab le, 
220 kc"  

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

R P - 3 9 2 7 -  I 7 2  
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CARD 1 

Test Point A--"Second Monostable, 

~~~~~ Ground at middle 
Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

CARD 2 

Test Point F--"Gate Control Voltage, 
190 kc, +OFF" 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

RA-3927-173 
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CARD 2 

Test Point E--"Gate Control Voltage, 
190 kc, - OFF" 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

CARD 2 

Test Point D--"Gate Control Voltage, 
220 kc, + OFF" 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

R A - 3 9 2 7 -  174 
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CARD 2 

Test Point C--"Gate Control Voltage, 
220 kc, - OFF" 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

CARD 2 

Test Point B--"Gate Control Voltage, 
21 1.25 kc, .f OFF" 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

R A - 3 9 2 7 -  175 
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CARD 3 

Test Point D--"220 kc Discrim. Out"  

Ground 1 cm below center 

Vertical calibration: 1 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered on grid pulse 

R A -  3927- 176 
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29 

CARD 3 

Test Point C--” Lim iter 0 ut pu t I’ 

Vertical calibration: 1 v/cm 
Horizontal calibration: 1 msec/cm 

AC coupled 

Grid pulses inserted 



30 

Test 

CARD 3 

)int B--"Limiter input" 

Vertical calibration: 0.5 v/cm 
Horizontal calibration: 2psec/cm 

AC coupled 

No grid pulses 

CARD 3 

Test Point A--'I211 kc Discrim. Out "  

Ground at middle 

Vertical calibration: 1 v/cm 
Horizontal calibration: 1 msec/cm 

Grid pulses 

R A  - 3927 - 178 



CARD 4 

Test Point D--"Discrim. Out' '  

Ground at middle 

Vertical calibration: 1 v/cm 
Horizontal calibration: 1 msec/cm 

Grid pulses 

CARD 4 

Test Point C--"Discrim. Input, 190 kc"  

Vertical calibration: 1 v/cm 
Horizontal calibration: 2psec/cm 

AC coupled 

No grid pulses 

R A - 3 9 2 7 -  179 
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CARD 4 

Test Point B--"Controlled Osc . 
0 ut put I' 

Vertical calibration: 1 v/cm 
Horizontal caiibration: 2psec/cm 

AC coupled 

No grid pulses 

CARD 4 

Test Point B--"Control led Osc . 
0 utput 

Vertical calibration: 1 v/cm 
Horizontal calibration: 2 pec/cm 

AC coupled 

Grid pulses 

R A -  3927- 180 
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CARD 4 

Test Point B--"Control led Osc . 
0 utput I '  

Vertical calibration: 1 v/cm 
Horizontal calibration: 1 msec/cm 

AC coupled 

Grid pulses 

CARD 4 

Test Point A--"Osc. Control Signal" 

Vertical calibration: 0.1 v/cm 
Horizontal calibration: 1 msec/cm 

Grid pulses 

R A -  3927- 181 

3 3  



R A -  3927- I82 
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CARD 6 

Test Point A--"Base of 2nd Mixer'' 

Vertical calibration: 0.2 v/cm 
Horizontal calibration: 1 msec/cm 

Grid pulses 

CARD 8 

Test Point A--"Video Output" 

Ground at middle 

Vertical calibration: 0.5 v/cm 
Horizontal calibration: 1 msec/cm 

Grid pulses inserted 

Test Points B and C look the same as 
Test Point A, CARD 6 

R A -  3927- I83 
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Demodulator Output 

Vertical calibration: 1 v/cm 
Horizontal calibration: 0.5 msec/cm 

CARD 8, Test Point A--"Video 
0 u tput I '  

Vertical calibration: 0.5 v/cm 
Horizontal calibration: 0.5 msec/cm 

Osci l  loscope set on "Alternate Sweep" 

Video input 

Input frequency: 26 kc 

Vertical calibration: 0.5 v/cm 
Horizontal calibration: 20psec/cm 

CARD 8, Test Point A--"Video 
0 ut pu t I 1  

Vertical calibration: 0.5 v/cm 
Horizontal calibration: ZOpsec/crn 

Oscilloscope set on "Alternate Sweep" 

R A - 3 9 2 7 -  184 
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A P P E N D I X  B 

0SCILU)SCOPE PBOTOCRAPHS OF TEST POINTS OF THE BRIR UNIT 
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CARD 1 

Test Point B--"First Monostable, 
280 kc"  

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

R A - 3 9 2 7  - 159 
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CARD 1 

Test Point A--"Second Monostable, 
266 kc " 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

39 



~ ~ ~ ~ ~ m ~ m m  , m ~ ~ m ~ m ~ m ~ l  

CARD 2 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Test Point D--"Gate Control Voltages, 
280 kc, + OFF" 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triqgered externally on grid pulse 

RA-3927-161 
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CARD 2 

Test Point C--"Gate Control Voltages, 
280 kc, - OFF" 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

CARD 2 

Test Point B--"Gate Control Voltages, 
266 kc, +OFF" 

Ground at middle 

Vertical calibration: 5 v/cm 
Horizontal calibration: 1 msec/cm 

Triggered externally on grid pulse 

R A - 3 9 2 7 - 1 6 2  
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CARD 2 

Test Point A-- "Gate Control Voltages, 

Ground at middle 

I 266 kc, - OFF'' 
I 

I 

Vertical calibration: 5 v/cm 

Triggered externally on grid pulse 

Horizontal calibration: 1 msec/cm 

I 

I 
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CARD 3 

Test Point C-- " L i m  iter 0 utput I '  

Vertical calibration: 1 v/cm 
Horizontal calibration: 2psec/cm 

AC coupled 

No grid pulses inserted 

R A -  3927- I 6 4  
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CARD 3 

Test Point B--"Limiter Input" 

Vertical calibration: 0.2 v/cm 
Horizontal calibration: 2psec/cm 

AC coupled 

No grid pulses 

CARD 3 

Test Point A--'I266 kc Discrim. Ou t "  

Ground at middle 

Vertical calibration: 1 v/cm 
Horizontal calibration: 1 msec/cm 

Grid pulses 

R A -  3927 - I65 
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CARD 4 

Test Point C--"Discrim. Input, 

Vertical calibration: 1 v/cm 
Horizontal calibration: 2psec/cm 

AC coupled 

No grid pulses 

45 

R A -  3927 -166 



~~ 

CARD 4 

Test Point B--"Control led Osc . 
0 utput It 

Vertical ca I ibrat ion: 
Horizonta I calibration: 2psec/cm 

AC coupled 

No grid pulses 

1 v/cm 

CARD 4 

Test Point B--"Controlled Osc . 
0 ut put 'I 

Vertical calibration: 1 v/cm 
Horizontal calibration: 2psec/cm 

AC coupled 

Grid pulses 

R A -  3927- 167 
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R A -  3927- 168 
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CARD 5 

Test Point A--"Video Input" 

Vertical calibration: 0.5 v/cm 
Horizontal calibration: 5psec/cm 

AC coupled 

CARD 6 

Test Point B-- "Xtal Osc. Output" 

Vertical calibration: 2 v/cm 
Horizontal calibration: Zpsec/cm 

AC coupled 

R A - 3 9 2 7 - 1 6 9  
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CARD 6 

Test Point A--"Base of 2nd Mixer'' 

Vertical calibration: 0.2 v/cm 
Horizontal calibration: 1 msec/cm 

Grid pulses 

CARD 7 

Test Point A--"Video Output" 

Ground at middle 

Vertical calibration: 0.5 v/cm 
Horizontal calibration: 1 msec/cm 

Grid pu lses inserted 

R A - 3 9 2 7 - 1 7 0  
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Vertical calibration: 0.5 v/cm l ~ ~ ~ ~ ~ m ~ ~ u ~ i  Horizontal calibration: 0.5 msec/cm 

~~~~~~~~~~. Osci \loscope set on "Alternate Sweep" 

Oscilloscope set on "Alternate Sweep" 
RA-3927-171 
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A P P E N P I X  C 

BLOCK AND SCIIEMATIC DIAGRAMS OF "E AVCS UNIT 
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PIN @ 
TO CCIRD 4 

P IN  @ 

T 

+ 
3 3 0 0 p f  r - 

PIN @ 
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"-OFF" 
IOV 

- 2ov 2N1307 

10 k 

10 k 

FROM 

"-OFF" 
PIN @ 

FROM 
5-IN270 211307 

LZ0" Lt IOk 

L I O k  2 0 v  

CARD 4 PIN@ 

GATE I 
" 2 0 0  kc" 

CARD I PIN @ 

CARD 3 PIN @ 

GATE II 
" 2 2 0  kc" 
" w H ITE " 

CARD I P I N @  

CARD 3 PIN @ 

GATE I l l  
"211.25 kc" 
"BLACK" 

CARD I PIN @ 

RC-3927-139 

AVCS CARD 2 -GATE I, GATE II * AND GATE III 
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APPENDIX D 

BLOCK AND SCHEMATIC DIAGRAMS OF THE BRIR UNIT 
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HRlR CARD 6 - 2nd MIXER, CRYSTAL OSCILLATOR, AND LOW- PASS FILTER 
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